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Today’s Talks 

• Start with a patient (video) 

• Overview of the visual system 

– Retina to occipital cortex (V1) 

– Beyond visual cortex 

• Unusual visual problems 

• David Leopold:  Blindsight 



Patient video 











From: Girkin & Miller   SurvOphthalmol 45(5)  Mar-Apr 2001 



Lateral Geniculate 

• 6 layers  

• Crossed contralateral fibers in 
lamina 1, 4 and 6, uncrossed 
ipsilateral fibers in 2, 3 & 5. 

• Large magnocellular (M) fibers 
carrying motion, form and 
monochromatic brightness 
information in lamina 1 and 2. 

• Small parvocellular (P) fibers 
carrying color (red-green), shape, 
texture and depth information in 
lamina 3, 4, 5, 6. 

• Intercalated koniocellular carrying 
blue cone information. 





1-  Optic nerve 

2-  Optic chiasma 

3-  Optic tract 

4-  Lateral geniculate body 

5-  Optic radiation 

6-  Visual cortex 

7-  Superior colliculus  

8-  Putamen 

9-  Inferior occipitofrontal 

fasciculus 

10- Pulvinar of the thalamus 

11- Calcarine fissure 

12- Posteroinferior horn of the 

lateral ventricle  



Localization: Where’s the Problem? 

• Visual Fields 

– Confrontation 

– Static threshold 

– Kinetic  

• Possibilities: 
– Prechiasmal 

– Chiasmal 

– Retro-chiasmal 



Pre-chiasmal 

• Vision loss in one or both eyes but visual fields 
tend to respect horizontal meridian and are 
incongruous (not the same shape in each eye). 

• The problem could be possibly due to: 

– cornea, lens (refractive) 

– retina (diabetic retinopathy, retinitis, RP…) 

– optic nerve head (glaucoma, papilledema, ION,…) 

– optic nerve (MS, compression, inflammation,…) 



Chiasmal  

• Vision loss in both eyes – bitemporal (outer 
visual field loss). Respects vertical meridian. 





Retro-chiasmal 

• Vision loss on same side (right or left half) in 
both eyes. Respects vertical meridian. 

– Right visual field loss –> left brain involvement 

– Superior vision loss -> inferior brain involvement 

– More congruous –> more posterior involvement 
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Diseases Leading to Visual Pathways 
Vision Loss 

• Stroke 

• Tumor – brain or metastasis, benign, malignant 

• Inflammation – Vasculitis, Multiple sclerosis, … 

• Degeneration  - leukodystrophy, Alzheimer’s, … 

• Other (AVM, trauma, …) 

 

• Diagnosis: 
– Neuroimaging (MRI, CT, Angiography) 

– Company it keeps 



Vision is Complex 

• Contrast and color constancy 

• We foveate yet have a perception of space as 
being constant 

• Illusions can sometimes help us notice what’s 
going on behind the scenes 

• Two examples (& that dress controversy) 

 















So What’s Going On? 

 



Beyond V1 – Visual Association Cortex 

• “Serial” process to occipital cortex: 

Retina->Optic Nerve->LGN->Tracts->V1 

• After V1 there are two major streams – 
Ventral “What” and Dorsal “Where” paths 

• Functional segregation of vision – color, 
motion, faces. 

• The “Binding” problem 

 

 







Two Stream Hypothesis 

• Dorsal Pathway 
“Where” 
(magnocellular)      
 parietal lobe.  

•  Visual neglect 
 
 
 

• Ventral Pathway       
“What”  

•  (parvocellular) 
•  temporal lobe 
• Visual agnosias. 

 
 

 



From: Neuro-Ophthalmology Diagnosis and Management     Liu, Volpe, Galetta 

“Where” 

“What” 



“What” Pathway 

• Ventral stream (occipito-temporal) : object 
recognition, color, shape, form, and pattern. 

• Continuation of the parvocellular pathway. 

• V1 V2V4 inferotemporal cortex angular 
gyrus limbic structures. 

• Alexia, anomia, agnosia, amnesia. 



“Where” Pathway 

• Dorsal stream (occipitoparietal): Spatial 
orientation ,visual guidance of movement. 

• Continuation of magnocellular pathway. 

• V1 V3 V5Parietal and superotemporal 
cortex. 

• Simultanagnosia, anosagnosia, difficulty 
reaching for objects, acquired volitional 
movements of eyes, and hemispatial neglect 
(Balint’s syndrome). 



Some Features of Visual Cortical Areas 

• Mostly from monkey recordings, fMRI 

• V1 – simple, complex & end stopped cells. Primary 
projections to V2 & V5                                                               

• V2 – orientation selective cells, half are color selective, 
convergence of input, larger receptive fields, depth 
perception selective 

• V3/V3A – orientation selective cells, 50% color, 40% 
direction selective, binocularly driven  

• V4 – shape, color, texture selective; preference for 
near, 50% color opponent; It’s a color processing area 

• V5 (MT) – 90% direction selective, MST has “motion in 
depth cells”; It’s a motion processing area 
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Selected Diseases of Visual Cortex 

 



Cortical blindness 

• Due to bilateral occipital lobe lesions. 

• Sometimes misdiagnosed as functional vision 
loss. 

• Causes: stroke, severe blood loss, eclampsia, 
hypertension, angiography, carbon monoxide 
poisoning. 

• Anton’s syndrome 



Release Hallucinations or  
Charles Bonnet Syndrome 

• 1760 Swiss naturalist Charles Bonnet 
described hallucinations in his grandfather 
who had cataracts and vision loss. 

• Hallucinations made worse by eye closure. 
There is disinhibition by the poor vision 
leading to the hallucinations.  80% of people 
with release hallucinations are over 60. 

• Patients realize the hallucinations are not 
real but are relieved to hear they are “not 
going crazy”. 

• Similar occurrence in hearing loss leading to 
musical hallucinations. 

• Difficult to treat – usually reassurance is 
enough. 
 



Migraine with Aura 









Migraine Aura 

• Wave of activation across visual cortex with a 
scotoma in its wake (spreading depression) 



Alice in Wonderland Syndrome 



Face Recognition 





The Vegetable Gardener (1590) 



Giuseppe Arcimbaldo (1526-1593) 









Prosopagnosia 

• Impaired ability to recognize familiar faces or 
learn new faces 

• Use non-facial cues and are aware of their deficit 

• Oliver Sacks: “The Man Who Mistook His Wife for 
a Hat” 

• Location –  Ventral stream -> bilateral 
inferotemporal cortex damage. Often associated 
with superior homonymous field defect.            
Can be a developmental defect. 



From: Neuro-Ophthalmology Diagnosis and Management     Liu, Volpe, Galetta 



Simultanagnosia 





Cerebral Dyschromatopsia 

• Bilateral occipital lobe lesions in the lingual or 
fusiform gyri of the medial occipital lobe 
(medial occipito-temporal lobe – V4). 

• Usually associated with a right superior 
quadrant or hemianopic field loss. 

• Unilateral involvement may give 
hemidyschromatopsia. 

 



Cerebral Dyschromatopsia 

From: Neuro-Ophthalmology Diagnosis and Management     Liu, Volpe, Galetta 



Alexia without Agraphia 
• Loss of ability to read but can write. 
• Left occipital lobe and splenium of the corpus 

callosum involvement. 
• Right homonymous  
    hemianopia 
Vision in the good left field 
(right occipital cortex) 
cannot get to the  
dominant angular gyrus 
(reading area) because the  
corpus callosum is also 
damaged. 

From: Neuro-Ophthalmology Diagnosis and Management     Liu, Volpe, Galetta 



Palinopsia 

• Perseveration of vision. Persistence or 
recurrence of visual images after the stimulus 
has been removed. 

• Most commonly parieto-occipital damage 
with incomplete homonymous hemianopic 
visual field loss.  The perseveration noted in 
the area of the field loss. 

• Seen in migraine, certain drugs (LSD, 
trazadone, topirimate), epilepsy 



Palinopsia 

From: Neuro-Ophthalmology Diagnosis and Management     Liu, Volpe, Galetta 



• Visual neglect – patient ignores the left side of 
space (also left side of their body). -> Right 
inferior parietal lesion. (Abnormal clock 
drawing, line bisection) 

• Micropsia, Macropsia – objects appear smaller 
or larger than normal. Can be seen in 
migraine. 

• Akinetopsia – inability to see motion (bilateral 
occipito-temporal (V5) lesions). Patient LM 

 

Other Unusual Visual Syndromes 



Treatment 

• Sometimes can get recovery over time. 

• Reassurance. 

• Anticonvulsant and similar drugs can be tried 
but usually not helpful. 

• PT, OT, adjustment over time 



Sources 

• Walsh & Hoyt Clinical Neuro-Ophthalmology 
Newman, Miller, Biousse, Kerrison.                   
6th Ed. Lippincott 2005 (available at NOVEL) 

• Neuro-Ophthalmology Diagnosis and 
Management     Liu, Volpe, Galetta.                   
2nd Ed. Saunders 2010 



 

http://NOVEL.utah.edu 

http://novel.utah.edu/



